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PEOYISIONAL SPECIFICATION 



Improvements in Protective Shields in High-Voltage Apparatus 



We, The Geneiial Electric Company 
Limited, of Magnet House, Kingsway, 
J^ondon, W.C.2, a British company, and 
Erich Euiedlander, of The General 
6 Electric Company Limited, Engineering 
Works, Witton, Birmingham, of German 
nationality, do hereby declare the nature 
of this invention to be as follows : — 
This invention relates to protective 
10 shields in high-voltage apparatus. 

When the shape and relative position ot 
two conductors, between which a high- 
voltage (especially an alternating voltage) 
may exist, are such that dangerously 
15 intense local fields may arise in the space 
between them, it is usual to separate the 
conductors by a metal shield insulated 
from both of them. The shield provides an 
equipotential surface; hy shaping it 
20 according to known principles so as to 
modify suitably the mutual capacitance 
between the shield and the conductors, the 
local fields can be smoothed out and the 
danger arising from them avoided. 
25 This device is very effective in prevent- 
ing (e.g.) corona from points and sharp 
corners; but, as it has been used hitherto, 
it is subject to certain disadvantages. 
Thus, if there are two weak spots in the 
insulation between the conductors, one 
extending from one conductor through 
most (but not all) the insulation and the 
other extending similarly from the other 
conductor, these w^eak spots may be 
innocuous, in the absence of the shield, 
— ^so long as they lie some distance apart; 
hut'if^'the .shield extends from one weak 
spot to the other, a path is opened from one 
conductor to the other through the two 
40 weak spots in series. Again, if a weak 
place develops momentarily in the insula- 
tion, the whole of the energy stored in 
the capacitor of which the shield fonns one 
plate is available to maintain a discharge 
45 tiirough the weak spot; the discharge may 
therefore be so intense that the insulation 
may be damaged permanently. Again, if 
the local dangerous field lies near a 
houndarv where the general field changes 
50 suddenly (for example, at the transition of 
the concluctors from the slot to the over- 
hang of an alternator) it may be difficult to 
fiiwra si»npe for the shield which, while 
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smoothing out the dangerous local field 
does not produce another dangerous field a5 
near the said boundary. , . 

The object of this invention is to miti- 
gate some or all of these disadvantages. It 
can be attained by sub-dividing the shield 
into a number ot parts separated by dis- 60 
tances sufficient to prevent discharges pass- 
ing between adjacent parts, but near 
enough to prevent any considerable pene- 
tration of an electrostatic field between the 
parts. . 65 

According to the invention a protective 
shield in high voltage apparatus comprises 
a plurality of metal parts, all insulated, 
from each other, and adjacent bodies are 
separated from each other % distances 7U 
comparable with the dimension of at least 
one of the adjacent bodies, measured in the 
direction of their closest approach. 

Certain embodiments of the invention 
will now be described, by way of example, 75 
with reference to the accompanying draw- 
ing in which each figure, refers to a 
different embodiment. 

Eigure 1(a) shows a standard condenser 
bushing, which is not according to the 80 
invention. Here 1 is a metal rod passing 
through a hole in a metal plate 2 and, 
where it so passes, coated with insulation 
3. A set of protective shields 4 is em- 
bedded in the insulation, each being a tube SB 
concentric with the rod, the length of the 
tube (and therefore the area of the shield) 
being greater the nearer the shield is to the 
rod. Figure 1(b) shows the bushing modi-, 
lied according to the invention. Each 9Q 
tu'bfular shield is divided longitudinally 
into a plurality of separate elements, such 
as 5, 6, 7, 8, 9, 10, 11 which replace the 
outer tube 4 in a. The structure shown in 
b can be produced thus. The rod 1 is 
wrapped with a layer of insulation. On the 
outside of this layer rings of conducting 
material are formed (e.g. by painting) con- 
stituting the inner most shield; another 
layer of insulation is then wrapped on the 100 
rod, and rings are formed on it; and so on, 
In Figure 2 the turns 12, 13, 14 of a 
winding in a slot in the armature of a H\ 
alternator 15 are shown in cross section at 
c and in side elevation at d. The winding 105 
is wrapped with insulation G, in which are 
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euibeddud two couductiiiff shields 17 IS 

"cVsS • 1^''- '^^^"^ if 
cacij shieJd IS continuous. According to the 

5 n rV'''^' sub-divided into 

nf T ^^.l^V-"'^ perpendicular to the axis 
ot the winding, as shown at 19, 20. 2l"in 

; . f'*™^'^ each layer 

with S.^''" 'VM? explained 
in T ^!?«^«llce to Figure 1. 

of ^' ^2 " " conductor 

tan.S^'^^T^' insulating 
^ape ^, Tviicli passes near a constructional 
ueniber of the transformer (not shown) 
Corona is then liable to occur between the 
15 constructional member and those parts of 
the insulation 23 which overlie Se^corner 
01 tli« conductor. -pis- OTr^^^^ can te 
gated or prerented as is known, by a pro- 

20 iSuhtiSf °/ '^^P.' ou^ide^the 

his .if pM - ^^^^'^dmg to the invention 

edit, ijif "^^^^ °^ conducting 
edges of aaiiular discs, such as 24, threaded 
on the insulation. The disc may be slit 

25 threaded. Tlie discs 24 with conductiu- 
edges are spaced from eacli other by discs 
26 having no conducting edges. The con- 
duct ng material on the edge may be 
graphite or metal. The discs need nJt be 



d rLl n ^h""^ '^'^^'^ is cylin--ai 

can l.n }^''^ of conical or other shape 
can be built up by the use of discs of 
hfterent si.es. However, also discs of the ' 

nco 1 • l1 '"''^ ^^'""P^ ^^^y sometimes be 
used in the case of the field undergoing 3i 
changes along the conductor because the 
subaivision of the shield makes automatic- 
ally a local adjustment of the shield volt- . 
age possible. 

The inner as well as the outer edges of 4c 
the annular discs may be conducting, so 
that two shields are formed one withiS the 
other. Again adjacent discs may both 
have a conducting edge or edges, so lone- 
as adjacent •GO»d«.eti.n.g--.edges axe not, ±h 
fhZ ^^^li" discharge may pass betwi. 
ST' .J-^tt °^ *^^ee shields, one 
within the other may be provided by fom- 
iDg a conducting surface on the outer or 
outer and inner edges of one set of disc- .50 
and on the outer edges of another set { 
ditterent outer dimensions, and threading 
Suctor" ^""^^ alternately on the 

Dated the 27th day of March. 1942 
For the Applicants, 

A. F. CORNOCK, 
Chartered Patent Agent, 



COMPLETE SPECIFICATION 



Improvements in Protective Shields in High-Voltage Apparatus 



I T?,^ iHE General Electkic Company 
Limited, of Magnet House, Kingsway, 
t°"f'^'^'.? -C-2, a British company, am 
Lrich F^edlander, of Tlie' General 
an iTr^*"'=.T9°'*'P^°y Limited, Engineering 

nSal of GerSaS 

iiationality, do hereby declare the nature 
of this invention and in what manner the 
same is to be performed, to be particularly 
(lescribed and ascertained in and by the 

60 lonowmg- statement:— 

.hFn' • iY-^"tion relates to protective 
shields m high-voltage apparatus. 

\V Jien the shape and relative position of 
two conductors, between which a hieh- 

70 voltage (especially an alternating voltage) 
may exist are such that dangerously In- 
tense local fields may arise in the space 
between them, it is usual to separate the 

r^fr^^l °ff "^^^^l sliield insulated 

75 from both of them. The shield provides 
an equipotential surface; by shaping it 
according to known principles so as to 
modify suitably the mutual capacitance 

«ft ^ '^'^y ''''^ conductors, the 

8Q local fields can be smoothed out and the 
danger arising from them avoided. 
. Ihis device is very effective in prevent- 
ing (e.g.) corona from points and sharp 



corners; but, as it has been used hitherto : 
t is subject to certain disadvantages. Thus' 85 
ol W^'' weak spots in the insili 
in?frni the conductors, one extend- 
i.nf *^of one conductor through most (but 
not all) the insulation and the other el< 
tending similarly from the other coi du^Vgo 
tor, these weak spots may be innocuous, in 
the absence of the shield, so long-as thev 

extenrfr^'*"''"' ^P^,^^' i^ the shield 
extends from one weak spot to the other, ? 
path IS opened from one conductor to thk/5 

sMeTd • l^*^-^^^^ tl le^^ 

Shield m series. Again, if a weak place 

develops momentarily in the insulation of 
a conductor, the whole of the energy stS-ed 
in the capacitor of which the shield form 100 

conductor the other 
available to maintain a discharge throS4 
the weak spot; the discharge may the?e 
fore be so intense that the insulSn may 
be damaged permanently. Again if the in«; 
ocal dangerous field lies'^near a bound a Jy 
vhere the general field changes sudden ? 
(for example, at the transition of the con^ 
cluctors from the slot to the overhang of a„ 
a ternator) it may be difficult to°fiud " 110 
shape for the shield which, while smooth- 
inff out the dangerous local field, does not 
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produce auother daugerous field near Ih-; 
said boundarj'. •.• 
The object of this mveiitiou is o miti- 
gate some or oil of these disadvau a^^e.^ 
5 ° According to the present mveution, u 
hiSi voltage apparatus, a protective shield 

aiTanged to provide a «ub?tf '^.H^ll? ; 
potential surface is sub-divided lu the xu- 
face into a plurality of separate con due t- 
10 ing elements all the elements being of sub- 
stantially the same size and insulated from 
one another and the minimum d}^tauce be- 
tween adjacent elements is so chosen that 
whilst the distance is sufficiently .mall for 
j5 a substantially equi-potential surface to be 
provided by the separated elements, it is 
sufficiently large to prevent a discharge or 
partial breakdown between one e ement 
and another to cause breakdown of the gap 
20 between the elements. . . 

Certain embodiments of the invention 
will now be described, by way of example, 
with reference to the drawing accompany- 
ing the provisional specification m which 
25 Figure la shows a standard conden er 
bushing and Figures lb, 2c and 2d, and 3 
show different embodiments. 

Referring now to the drawing, ligiire 
la shows a standard condenser bushing, 
30 which is not according to the mvention 
The bushing comprises a conductor 1 pass- 
ino- through a hole in a metal plate 2 and, 
vffere it so passes, coated with insulation 
3 /i. set of protective shields . 4 is em- 
35 b^idd'ed in the insulation, each being a tube 
concentric with the conductor 1, the 
length of a tube (and theref ore the area of 
a shield) being greater the nearer the 
shield is to the conductor 1. Figure lb 
40 shows the bushing 'modified according to 
the present invention. Each tubular shield 
is divided longitudinally into_ a plurality 
of separate elements, such as 0, b, ^ b, y. 
10 11 which replace the outer tube 4 in 
45 Figure la and are insulated from one 
another. The structure shown can be pro- 
duced thus. The conductor 1 is wrapped 
with a layer of insulation. On the out- 
side of this layer rings of .conducting 
50 material are fomed (e.g. Pointing) con- 
stituting the innermost shield; another 
layer of insulation is then wrapped on the 
conductor 1 and its insulation and rings 
are formed on it; and so on. The axial 
55 length of the rings decreases with increase 
in their diameter. . 

In Fiffure 2c,- the conductors 1^, 1-J, 
in a slot of a high voltage « ternator lo 
are in section at right angles to tlieir 
60 length whilst in Figure 2d a side section 
of theconductorsisshown.Eachconductx.r 

s wrapped with insulation ^^.^r^.^^'^'lf 
are embedded two conducting shields 17, 
] 8 one outside the other. Previously, such 
65 shields have been continuous and accoiil- 



ia'r to the present invention, the shields 
are sub-divided into rings % planes per- 
pendicular to the axis of the conductor a. 
shon-u at ly, 20, 21 in Figure 2d. ihe 
riuTcan be formed on each layer of in- 70 
suUtion as it is wound, as explained with 
reference to Figure lb. 

In Figure 3, a laminated copper conduc- 
tor 22 of a transformer is covered with m- 
sulatin- tape 23 and passes near a metallic 75 
cJnstrnctioLl member of the transformer 
Sot shown). Corona is then liable to 
Scir betwein tbe construct onarmem^^^ . 
and those parts of the insulation 23 wh cli 
overlie the corners of the conductor Ihi^ 80 
corina can be mitigated or prevented as 
known bv a protective shield of suitable 
sCeVtlide the insulation. According o 
Se^preint invention, this shield is made 
np of the conducting edges of annular 85 
discs of insulating material, such as 24, 
fir^aded on the insulation. The disc may 
be slit as shown at 25, to enable them to 
hi so threaded. The discs 24 with con- 
ducting edge's are spaced from each other 90 
by discs 2(i having no conducting edge- 
The conducting material on the edge may 
be jjraphite or metal. i „ 

The inner as well as the outer edges of 
the annular discs 24 may be conducting 95 
so that two shields are formed one within 
Se other. Again, adjacent discs may 
both have a conducting edge or edge*, so 
lono- as adjacent conducting edges are not 
so near that a discharge may Pass between IQO 
them. Thus two or three shields one 
within the other, may be P^^^ded by 
forming a conducting surface on the outer 
eiffo or on the outer and inner edges, of 
on°e set of discs and on the outer. edges o IQa 
another set of large outer dimensions and 
threading members of the two sets alter- 
iiatelv on the conductor. 

Ha:ving now particularly described and 
ascertained the nature of our said inven- 110 
tion and in what manner the same is to be 
performed, we declare that what we claim 

^^l~~High voltage apparatus, wherein a 
protective shield arranged to provide a 116 
substantially equi-potential surface is sub- 
divided in the surface into a plu^fl^ty 
separate conducting elements all the ele- 
ments being of substantially the same size 
and insulated from one another and tlie 120 
minimum distance between adjacent ele- 
ments is so chosen that whilst the distance 
is sufficiently small for a substantially 
equi-potential surface to be. provided by 
the separated elements, it is sufficiently 126 
lar^re to prevent a discharge or partial 
breakdown between one element and 
another to cause breakdown of tiie gap be- 

tweeu the elements. r „ fr, lin' 

2. High voltage apparatus according to 16U 
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3 A JiiVK ^ u '^^'^ conductor. 

to clal'f xtetSr^;"; "^'^-■''-s' 

surround a conducL in ^^I'l'^^^^^^ 
annuli spaced alono- fJ, ""-^^"^ ^"^'^ are 
JO 4. A Ch voIt?£ o ' conductor. 



higli 



voltage conductor 



IS 



threaded. 

coustructpf? on^ o iiaving- parts 

Figures lb ^> orTSf reference to 

Chartered Patent Agent. 



